Abstract In order to investigate starch accumulation, and the enzymes activity changes and the expression levels of genes and their relationships among them at different developmental stages of wheat grain. We choose Annong9912 and E28 were used in the study. During starch accumulating rate and grain filling rate, and there were obvious genotype difference between Annong9912 and E28. Whether low or high starch content of starch content, the accumulation courses of amylopectin, amylose and total starch were well fitted to the logistic equation by relating starch contents against DAP. The simulation parameters revealed that the higher contents of amylopectin and amylose resulted from earlier initiating accumulation time and greater accumulation rate. And amylose, amylopectin and total starch accumulation rate of two wheat cultures were significantly and positively correlated with activities of SBE, SSS and GBSS, but amylose accumulation rate of E28 had no correlation with the activities of SBE. In addition, there were significant correlations among activities of SBE, SSS and GBSS in two wheat cultivars. We speculated that these enzymes proteins may have a coordinating action in starch biosynthesis within the amyloplast, operating as functional multiprotein complexes. And expression levels of enzyme genes demonstrated a single-peak curve, and 12-18 DAP reached their peaks and then began to drop, and all had high expression level in earlier stage of endosperm development, but in E28 were higher than in Annong9912. The GBSS-I transcripts on average were expressed over 60 times more than GBSS-II transcript in E28. SBE, SSS, DBE may control starch synthesis at the transcriptional level, and GBSS-I may control starch synthesis at the post transcriptional level. The expression level of DBE on average was lower than SS-1 and SBE-IIa genes, and similar to SS-III and SBE-IIb genes, but higher than GBSS-I and GBSS-II genes.
Introduction
Starch is the most important food energy source in the world. In wheat grain, starch is the determinant component of 65-80% proportional to the grain weight (Gao et al. 2003) . Development of wheat grain mainly depends on the processes of starch synthesis and accumulation, which directly influences the yield and quality of wheat (Zhao et al. 2003 ). Starch has two major components, including amylose and amylopectin (Morell and Myers 2005; Tetlow 2006 ). Both amylose and amylopectin consist of a backbone of a-1,4 linked glucose residues, whereas amylose has a degree of polymerization (DP) of 1,000-5,000 and few branch points (fewer than 0.5% a-1,6 linkages), amylopectin is a very large molecule (DP 5,000-50,000) with frequent branches (3-4% a-1,6 linkages) (Bresolin et al. 2006) . Amylose, which makes up 20-30% of normal starch, is an essentially linear molecule. Amylopectin is the major component of starch (comprising 70-80%) and a much larger branched molecule. Starch synthesis is completed by a series of enzyme-catalyzed reactions in endosperm (Emes et al. 2003) . Starch biosynthesis occurs in plastids and requires the concerted action of several different classes of enzymes (Ball and Morell 2003) . Starch synthases (SS: EC 2.4.1.21) catalyse the elongation of the chains, granule bound starch synthase (GBSS: EC 2.4.1.21) is involved in the synthesis of amylose, while the soluble starch synthases elongate glucan chains of amylopectin. Branch points are introduced by the action of branching enzymes (SBE: EC 2.4.1.18), while amylopectin is synthesized by the coordinated actions of SS, starch branching enzyme (SBE), and starch debranching enzyme (DBE). Genetic evidence demonstrates that Starch debranching enzymes (DBE), such as isoamylase (EC 3.2.1.68) play a role in starch synthesis, appear to be an essential component in the formation of crystalline amylopectin (Tetlow 2006 ). However, their precise biochemical functions still have to be elucidated. Amylopectin is formed by multiple isoforms of SS (SSI, SSII and SSIII) , SBE (SBEI, SBEIIa and SBEIIb), and DBE (isoamylase). In addition, several multiple isoforms enzymes have species specific. Of these examined so far, each isoform of SS, SBE, and DBE plays a distinct role in amylopectin biosynthesis (Nakamura 2002) . Therefore, analysis of the expression patterns of individual genes is important to understand the features of developmental stage-specific grains in starch biosynthesis. We investigated physiological and biochemical characterizations of starch biosynthesis during wheat endosperm development and further studied differential expressions of GBSS, SS, SBE, and DBE genes at different developmental stages and starch synthesis genes have significantly different expression profiles during amyloplast development in wheat endosperm. Mccum et al. (2002) found GBSS I may control starch synthesis at the transcriptional and post-transcriptional level; Wu (2006) studied the genes of starch biosynthesis in rice and showed that GBSS I may control starch synthesis at the transcriptional level. However, these reports mainly focused on the effect of GBSS gene on regulation of starch synthesis. And there appeared two different opinions on the function of GBSS I. Few is reported on other enzyme genes, the synthesis of amylase and amlopectin and their accumulating rate, and the differences of starch synthesis in different types of wheat comparing with higher total starch content and lower total starch content.
In the present study, high starch content and low starch content wheat were used. The rates of amylose and amylopectin synthesis and the activities of enzymes responsible for starch biosynthesis in developing grain and starch synthesis genes different expression profiles were investigated by quantitative real-time PCR, and the results were compared with their transcript levels in the wheat endosperm, and their relationships were analyzed. The purposes were to study the different function of these enzymes on amylase and amylopectin synthesis, and the enzymatic mechanisms in gene levels responsible for the differences in starch synthesis of two wheat types.
Materials and methods

Plant materials, growth and grains collections
Wheat (Triticum aestivum L) varieties used in this study were as follows: E28 (Triticum aestivum L, high starch content 69%) and Annong9912 ((Triticum aestivum L, low starch content 54%). All plant varieties were grown in the field at ShiHeZi University, Shihezi, China, in March, 2007 -2008 growing season. Crop management was the same as the local high-yield cultivation. Immature seeds from the flowering plans were first collected at 6 days after pollination (DAP), then sampling collections were continued at the 3-day interval (i.e. 9, 12, 15, 18, 21, 24, 27, 30 DAP) until seed maturity. Middle grains of ears were peeled and divided into three parts. One part was frozen immediately in liquid nitrogen for 5 min and then stored at −70°C for enzyme assays; other part was dried at 70°C to constant weight for starch determination; and the last part was used to extract RNA and translate it into cDNA.
Enzyme isolation, assays and starch measurement
The reagents were obtained from Sigma Chemical Co. (St Louis, USA). SBE: The assay was conducted in 50 mM HEPES-NaOH(Ph7.4), 5 mM G1P, 1.25 Mm AMP, phosphorylase a (54 unit), and enzyme preparation in a reaction mixture of 200 μl. The reaction was terminated by addition of 50 μl of 1 N HCL. The solution was mixed with 500 μl of dimethylsulfoxide and 700 μl of 0.1% I2 and 1% KI were added. The enzymic activity was assayed spectrophotometrically at 540 nm. One unit of enzymic activity was defined as the amount causing an increase in absorbance of one unit at 540 nm in 1 min. DBE: The enzyme assay was conducted at 30°C for 20 min in 50 mM Mes-NaOH (pH 6.2), 2 mg pululan (Sigma), and the enzyme preparation in a volume of 0.2 ml. The reaction was terminated by placing the reaction mixture in boiling water for 1 min. Using glucose as a standard. One unit of the ezyme activity is defined as 1 μmol subsrate reduced (mg protein)
The other enzymic activities were assayed essentially according to the references cited: the activities of SSS and GBSS were assayed according to Nakamura et al. (1989) . Amylose and amylopectin content were determined according to the Megazyme International Ireland 2006. The processes of starch accumulation in the grain were fitted by Richards' (1959) was used as reference control, which is highly conserved proteins that are involved in cell motility, structure and integrity, which makes actin the favoured model for studies as reference control (Table 2) .
Experimental design and statistical analyses
The experiment was randomized complete block design with four replicates. Correlation analysis was made between the rates of starch synthesis and the activities of enzymes involved in starch synthesis during grain filling. Excel 2003, Statistical Analysis System (SAS 16.0) (SAS Institute, Inc., Cary, NC, USA) and Origin7.5 (Northampton, MA 01060 USA) of data processing softwares were provided to deal with data. The values are the means of results from three replicate samples.
Results and discussions
Starch synthesis and starch accumulating rate Grain weight is decided by the productivity of starch yield, and crop starch yield management should reflect differences in source-sink relations for starch deposition during the grain filling stage (Jenner et al. 1991) . It is generally accepted that grain-filling rates in cereals is mainly determined by sink strength. The sink strength can be described as the product of sink size and sink activity. Sink activity is a physiological restraint that includes multiple factors and key enzymes involved in carbohydrate utilization and storage (Liang et al. 2001) . Starch biosynthesis is a complex process, which was related a serials of enzymes. It is known that amylose is synthesized by GBSS, and amylopectin is synthesized by concerted reactions catalyzed by SSS and SBE (Denyer et al. 2001; Myers et al. 2000; Vandeputte and Delcour 2004; Harn et al. 2004 ). And SSS is affected by temperature and heat shock treatment resulted in a significant decline in starch content (Asthir and Bhatia 2011) . SBE is the only enzyme that can introduce α-(1, 6) glucosidic linkages intoα-polyglucans, and therefore, it plays a crucial role in the biosynthesis of amylopectin (Blauth et al. 2001 (Blauth et al. , 2002 Kim et al. 1998) . DBE catalyzes the hydrolysis of α-(1, 6) linkages. In the present study, the activities of soluble starch synthase (SSS), granule-bound starch synthase (GBSS) changed in the pattern of a singlepeak curve during grain filling. The activities of GBSS and SSS in E28, which had higher starch content, were higher than those in Annong9912. The results were showed in Fig. 2 . SSS activities of grains of E28 and Annong9912 peaked at 12 DAP, but GBSS activities of grains were different, E28 peaked at 18 DAP and Annong9912 peaked at 21 DAP (Fig. 2a, b) . The SBE activity of grains of each type exhibited a single peak and E28 the maximum was reached at 15 DAP, but Annong9912 reached maximum at 18 DAP. After 9 DAP, SBE activity rapidly increased and activity of E28 was higher than Annong9912 (Fig. 2c) . DBE activities of grains of E28 peaked at 12 DAP; Annong9912 peaked at 18 DAF and declined at 15 DAF and 21 DAF, respectively. During the whole filling period, the changes in DBE activities for E28 and Annong9912 showed a single peak, and E28 was higher than Annong9912 (Fig. 2d) , but DBE and SSS activity of the two types were extremely low. Furthermore, there were significant correlations among activities of SBE, SSS and GBSS in two wheat cultures (Table 3 ). In addition, amylase, amylopectin and total starch accumulation rate of two wheat cultures was significantly and positively correlated with activities of SBE, SSS and GBSS, while amylose accumulation rate of E28 had no correlation with the activities of SBE (Table 4) . The rates of starch synthesis did not reach a significant level with DBE activity. We thought that DBE activity may be more important for starch quality, namely the higher order structures of amylopectin. In addition, among activities of SBE, SSS and GBSS was significant correlation in two wheat cultures (Table 3 ). The result indicated SBE, SSS and GBSS were the key enzymes contributing to the synthesis of wheat starch. We speculated that these enzymes Proteins may have a coordinating action in starch biosynthesis within the amyloplast, operating as functional multiprotein complexes. And there were obvious genotype difference between lower starch content and higher starch content starch about starch accumulating rate and Kernel filling rate. The accumulation of amylose , amylopectin and total starch in high starch content types E28 were higher than in low starch content types Annong9912 (Fig. 1a 1 , b 1 , c 1 ) . Amylopectin weight was higher than that of amylose, which indicated that amylopectin was the major component of starch in wheat grain. Amylose weights of Annong9912 and E28 increased rapidly from 6 DAP (because all sampling and measurements were made on 3 d intervals, 6 d is a rough figure, so are all other numbers of DAP) to 30 DAP. Amylose weight of E28 and Annong9912 increased rapidly from 6 DAP to 21 DAP and E28 changed slightly after 21 DAP, and then continued rapid increase (Fig. 1a 1 ) . Amylopectin and total starch weights increased rapidly between 6 DAP and 24 DAP, but Annong9912 slightly decreased 24 DAP, then continued rapid increase in E28, but Annong9912 arrived a relatively stationary phase in the two types (Fig. 1b 1 , c 1 ) , which may be due to shorter grain filling period of the latter and higher grain weight of the former. At the early stage, the differences in starch weights among the two types were not large enough to be significant. The starch accumulation rate on both starch content types followed a similar pattern, and it rose gradually, but rapidly declined after reaching a maximum as grain filling proceeded (Fig. 1a 2 , b 2 , c 2 ) . And the accumulation courses of amylopectin, amylose and total starch were well fitted to the logistic equation by relating amylopectin, amylose and total starch contents against DAP ( Table 2 ). The simulation parameters revealed that the higher contents of amylopectin and amylose resulted from earlier initiating accumulation time and greater accumulation rate. In addition, from 12 DAP, the starch accumulation of the high starch content type in total starch was higher than those in the low starch content types, which indicated that the higher starch accumulation in the high starch types was mainly due to the higher starch accumulation rate during mid-late grain-filling period.
Differential expressions of starch synthesis genes
GBSS genes
GBSS genes mainly include two forms: GBSS-I and GBSS-II. Studies of waxy mutations in wheat and other cereals have shown that null mutations in genes encoding granulebound starch synthase I (GBSSI) result in amylose-free starch in endosperm and pollen grains, The Waxy locus in cereals is encoded by GBSS-I, functioning in the elongation of amylose. In addition to its' role in amylose biosynthesis, GBSS-I is responsible for extension of long glucans within the amylopectin fraction in both in vitro and in vivo experiments (Van de Wal et al. 1998 ). Expression of GBSS-I appears to be mostly confined to storage tissues, whereas the GBSS-II, which is encoded by a separate gene, is thought to be responsible for amylose syntheses in leaves and other non-storage tissues that accumulate transient starch (Vrinten et al. 1999) . But the expression of GBSSII mRNA in pericarp tissue was similar at the midpoints of the day and night periods. The GBSSII genes were mapped to chromosomes 2AL, 2B, and 2D. Gel-blot analysis indicated that genes related to GBSSII also occur in barley, rice, and maize. The possible role of GBSSII in starch synthesis is discussed (Vrinten and Nakamura 2000) . Our study indicated that the change trend of high starch content, E8 and low starch content, Annong9912 were similar, and the expression of GBSS-I and GBSS-II genes exhibited significant different profiles during wheat endosperm development (Fig. 3a, b) . GBSSII was expressed in early endosperm tissue, but transcripts were not detected after 9 DAP. In contrast, GBSSI expression was high in endosperm tissue. The expression of GBSS-II was lower than other starch synthesis genes tested in this study, and also exhibited significant down-regulations from 6 DAP to 18 DPA, and then to 21 DPA. The GBSS-I transcripts on average were expressed over 60 times more than GBSS-II transcripts during amyloplast development in high starch content wheat endosperm, which further confirmed that GBSS-I is mainly responsible for amylose synthesis in cereal endosperm, whereas GBSS-II is not significantly active in endosperm, but may be essential in other nonstorage tissues. In addition, the time of GBSS enzyme activity reached peak values was later than others (Fig. 2b) . These suggested that SBE, SSS, DBE may control starch synthesis at the transcriptional level, and GBSS-I may control starch synthesis at the post transcriptional level (Fig. 3a) .
SS genes
The change of E28 and Annong9912 had the ingenerate consistency, and the expression of SS-I to SS-III genes exhibited the similar patterns from 6 DAP to maturity in wheat endosperm (Fig. 3c, d, e) , although SS-I transcripts on average were expressed more than double over SS-III and SS-II transcripts during amyloplast development. For SS-I gene, there is no significant difference from 15 DAP to Fig. 1 Changes in starch content and starch accumulating rate during pollination (n=9). A 1 amylopse contents A 2 amylopse accumulating rate B 1 amylopectin contents B 2 amylopectin accumulating rate C 1 total contents C 2 total content accumulating rate maturity between E28 and Annong9912 (Fig. 3c) . The expression of SS-II gene was different from SS-I and SS-III, exhibited significant difference from 6 DAP to 15 DAP between E28 and Annong9912, but the gene was significantly down-regulated from 15 DAP to 27 DAP, and further down-regulated at 27 DAP (Fig. 3d) . SS-III was almost consistent in the expressed transcript levels from 12 DAP to maturity between E28 and Annong9912 (Fig. 3e) . The SS-I transcript level was already high at the earliest phase of seed formation (6 DAP), slightly increased to peak at 15 DAP when starch synthesis in the endosperm begins, then remained almost constant through the late-milking stage of endosperm development (15 DAP), suggesting that SSI is important at all stages of seed development, whatever high or low starch content. This is consistent with the fact that SSI is the major SS form in cereal endosperm (Cao et al. 1999) . The transcripts of SSII and SSIII rapidly increased from low levels at the onset of seed development to peak at 12-15 DAP and then continued to be significantly low. It is interesting that, among the SS genes, SSII appeared to be the most vigorously expressed, more than SSI or SSIII in E28 (high starch content), whereas SSI and SSIII are known to account for the major SS activities in cereal endosperm (Ball and Morell 2003) . SS genes are exclusively involved in amylopectin biosynthesis, and their distribution within the plastid between the stroma and starch granules varies between species, tissue, and developmental stages (Commuri and Keeling 2001) . Biochemical evidence suggests that SS-I is primarily responsible for the synthesis of the shortest glucan chains with a degree of polymerization (DP) of 10 glucosyl units or less (Li et al. 2000) , and further extension of longer chains is achieved by the activities of SS-II and SS-III isoforms (Li et al. 2003) . Our results indicated that SS-I was expressed in significantly higher levels than SS-II and SS-III during wheat endosperm development of E28 and Annong9912. And across all sampling periods, the transcripts of SS in Annong9912 were consistently lower than those of SSII, SSIII, and SSI in E28 (Fig. 3c, d , e). Starches produced by the combined reduction in SS-II and SS-III activities in potato revealed that different SS isoforms make distinct contributions to amylopectin biosynthesis (Edwards et al. 1999) , and also plants lacking SS-III in potato resulted in changes of glucan chain-length distribution, and cracking and distortion of granule shapes (Lloyd et al. 1999 ). We found SS-III had the similar expression profiles as SS-I, and SS-II exhibited higher expression than SS-III from 6 to 18 DAP, but significantly down-regulated after 18 DAP. Our results indicated that SS-II and SS-III also pay important roles in starch syntheses during wheat endosperm development. But recent work on SS genes in rice grains (Hirose and Terao 2004) showed that the transcripts of SSII, SSIII and GBSSII are mainly localized in the pericarp. These SS genes were designated as 'early expressers' because their transcripts lasted only until 5 DAP when endosperm starch evidently starts to accumulate. Maybe the phenomenon is related to genotype, which is worth discussing about it.
SBE genes
Two SBE classes (SBE-I and SBE-II) differ in the length of glucan chains transferred in vitro and their substrate specificities, i.e. SBE-II proteins transfer shorter chains and exhibit a higher affinity towards amylopectin than their SBE-I counterparts, which exhibit higher rates of branching with amylose (Guan and Preiss 1993) . Amylopectin structure is influenced by starch-synthesizing enzymes. Several enzymes influence the fine structure of amylopectin, mainly by altering its cluster structure, although the modes of changes in amylopectin cluster structure strongly depend on the individual enzyme affected. SBE-IIb plays a specific role in the formation of Achains of the amylopectin cluster (Nishi et al. 2001) , and the levels of BEIIb activity affect the extent of structural changes in the cluster (Tanaka et al. 2004) . In monocots, SBE-II is made up of two closely related but discrete gene products (SBE-IIa and SBE-IIb) (Sun et al. 1998; Rahman et al. 2001; McCue et al. 2002) . Downregulation of SBE-I activity appears to have minimal effects on starch syntheses and composition in photosynthetic and non photosynthetic tissues (Satoh et al. 2003) . We found that the expression of SBE-I gene was gradually up-regulated from 6 DAP to 18 DAP, and then down-regulated to maturity, but from 27 DAP to maturity was suddenly upregulated in Annong9912, and SBE-I transcripts significantly increased about 12 times from 6 DPA to 18 DAP during wheat endosperm development of E28 (Fig. 3h) , which indicating that SBE-I may pay a central role for SBE activity in later stages in amyloplast development. The expression of SBE-IIa and SBE-IIb genes exhibited the similar profiles in all developmental stages between E28 and Annong9912, although SBE-IIa had more expressed transcripts than SBEIIb (Fig. 3f, g ). For SBE-IIa gene, there was no significant expression difference from 6 DPA to 12 DPA, but the gene was down-regulated from 12 DAP to 21DAP, but after 21DAP, there were different between them (Fig. 3f) . Similarly, the expression of SBE-IIb exhibited no significant differences from 6 DAP to 18 DAP, but the gene was upregulated from 18 DPA to 21 DAP, and then down-regulated to maturity in Annong9912 (Fig. 3g) . Studies on wheat endosperm demonstrated that SBE-IIb expressed at much lower levels than SBE-IIa (Regina et al. 2005) , which is in contrast to maize endosperm, where SBEII-b is the predominant form of SBE-II, being expressed at approximately 50 times the level of SBE-IIa (Gao et al. 1997 ). Our results indicated the similar expression profiles for SBE-IIa and SBE-IIb in endosperm, although SBE-IIa exhibited significantly higher expression levels than SBE-IIb. We found that both SBE-II genes were expressed at high levels from 6-15 DAP, but down-regulated after 15 DAP, which suggesting that SBE-II pay an important roles at early stages of wheat endosperm development between E28 and Annong9912.
DBE (Iso-I) gene
There are 2 groups of DBE in plants; isoamylase and pullulanase (also known as limit-dextrinases), which efficiently hydrolyze (debranch) α (1, 6) linkages in amylopectin and pullulan, respectively. Studies in barley mutants and transgenic rice suggest that isoamylases play a crucial role in starch granule initiation (Burton et al. 2002; Kawagoe et al. 2005) . In wheat, the cDNA expression of an isoamylase-type DBE (Iso-1) is the highest in developing endosperm and undetectable in mature grains, which suggesting a biosynthetic role for isoamylase in this tissue. Recent study indicated that expression of Iso-1 and SBE-IIb genes in barley leaves is controlled by a transcriptional activator via a sugar signaling pathway (Sun et al. 1999) . DBEs of E28 and Annong9912 had comparatively low transcript levels at the onset of seed development. We found that Iso-1 was highly expressed during wheat endosperm development, especially in E28, which is consistent with previous studies on barley and rice, and indicates that Iso-1 in wheat endosperm may pay a central role for both DBE activity and starch granule initiation. There was no significant expression difference from 6 DPA to 12 DPA between E28 and Annong9912, but in E28, the gene was down-regulated from 15 DPA to maturity, and similarly in Annong9912, the gene was down-regulated from 18 DPA to maturity (Fig. 3i ). Compared to other starch synthesis genes tested in this study, the expression level of Iso-1 on average was lower than SS-1 and SBE-IIa genes, and similar to SS-III and SBE-IIb genes, but higher than GBSS-I and GBSS-II genes.
Conclusion
Whether high or low starch content in starch content, and the results presented here indicated that the activities of SSS, GBSS and SBE had some correlation with the rates of starch synthesis during the grain filling process. GBSS has an important effect on amylose synthesis especially in the late period. SSS and SBE are associated with amylopectin biosynthesis. But activities of SSS, GBSS and SBE in high starch content were slightly and significantly higher than those in low starch content during early and mid-late filling period, respectively. It still remains unclear how SS, SSS, GBSS and SBE activities are coordinated to control the rates of starch biosynthesis. Further research will aim to identify direct interactions between starch biosynthetic enzymes, as well as the factors that regulate the enzyme activities; but simulation with logistic equation showed that the initiation time and accumulation rate of starch accumulation that determined the starch accumulation in high starch content. Transcriptome analysis has an advantage of quantifying the changes in transcript levels of these genes at different developmental stages in wild-type species or their mutants and in cultivars with a different genetic background. Therefore, expression profiling of genes could lay a foundation for the identification of genes involved in the regulation of starch metabolism and provide valuable insights into the mechanism of metabolic regulation of starch biosynthesis under various physiological conditions. Nevertheless, it should be kept in mind that the transcript levels are not always related to their enzymatic activities or protein levels, considering post-transcriptional and posttranslational controls (Sun et al. 2005) . There are intricate functional interactions between components of the starch biosynthetic system during wheat endosperm, and the starch-biosynthesizing system in higher plants demands the concerted expression of many genes at any particular developmental stage of a particular tissue (Tetlow et al. 2004; Ohdan et al. 2005; Hennen-Bierwagen et al. 2008 ). In addition to maintaining the activity levels of individual enzymes, several combinations of protein-protein interactions, such as those among the wheat proteins for SBEI, SBEIIb, and DBE might play an essential role in the metabolic regulation of starch biosynthesis. Since it is difficult to measure separately the protein level or activity of each enzyme in the enzyme complex, transcriptome analysis would be a more convenient tool to reveal the regulatory mechanism for starch synthesis that determines when and where multiple genes are co-expressed and what proteins may interact.
